The objective of this study was to evaluate the effect of tillage system and previously cultivated crop on the chemical properties and enzyme activity of soil. The first-order experimental factor was the tillage system, i.e., (1) conventional tillage (CT) and (2) reduced tillage (RT), whereas the second-order experimental factor was the previously cultivated crop, i.e., a) pea and b) durum wheat. Samples of soil were analyzed for the contents of organic C, total N, available forms of P, K, and Mg, as well as soil pH, total sorption capacity, and activity of soil enzymes (dehydrogenases, phosphatases, ureases, and proteases). The study demonstrated that the contents of organic C, total N, and available forms of K and Mg as well as soil pH were higher in soil subjected to RT than in that subjected to CT. In plots after pea cultivation, higher values were determined for the contents of total N and Mg, whereas in plots after durum wheat cultivation, the contents of organic C, P, and K and the soil pH were higher. Higher activities of dehydrogenases and phosphatases in soil were noted in soils subjected to the CT system than in those subjected to the RT system, whereas the activities of ureases and proteases were higher in soils subjected to RT. In addition, higher activities of dehydrogenases, phosphatases, and proteases were determined in the soil after pea cultivation than after durum wheat cultivation, whereas a higher activity of ureases was found in the soil after durum wheat cultivation. The C/N ratio was more beneficial after CT than after RT, as well as in the soil from plots after pea cultivation than after durum wheat cultivation.
Introduction
The quality and chemical composition of post-harvest residues as well as the tillage system affect soils' chemical properties and enzyme activity [1] [2] [3] . In soil cultivated according to the no-till system, the contents of organic carbon, total nitrogen, and nutrients are higher than in soil cultivated according to the conventional ploughing system [4] [5] [6] [7] . The study conducted by Woźniak and Kawecka-Radomska [8] demonstrated that the soil subjected to a crop rotation system was characterized by higher activities of dehydrogenases, phosphatases, and ureases compared to soil subjected to monoculture. A higher enzyme activity (of dehydrogenases, phosphatases, and proteases) in soil was also reported for the zero-tillage compared to the conventional tillage. According to Roldán et al. [9] , dehydrogenases occur commonly in soils rich in organic matter, hence, their activity is indicative of the intensity of the respiratory metabolism of microorganisms. Phosphatases stimulate the transformation of the organic compounds of phosphorus into inorganic phosphates [10] , whereas ureases take part in the process of ammonification, namely, the release of ammonia from urea, amino acids, and purine bases [11] . Proteases are responsible for the degradation of peptide bonds in proteins to free amino acids and di-peptides, which are more available to microorganisms. According to Bandick and Dick [12] as well as Balota et al. [13] , enzyme activity reflects well the properties of the soil environment and changes occurring in the soil. For this reason, it may be regarded as an indicator of soil quality and health [14] . As reported by Clarholm [15] , the most frequently analyzed enzymes in cultivated soil are phosphatases, owing to their prompter response to agrotechnical factors.
Plant residues and tillage system also affect the content of organic carbon in soil and the C/N ratio [16] . They determine the biological activity of a soil as well as the direction and rate of organic matter transformations ongoing in it [16, 17] . In the study conducted by Woźniak and Kawecka-Radomska [8] , the soil from a plot after pea cultivation contained significantly more available forms of phosphorus, potassium, and magnesium compared to the soil from a plot after cereals cultivation. Melero et al. [18] demonstrated a higher content of organic C and biomass of microorganisms in the soil cultivated after reduced tillage than in that subjected to conventional tillage. Also, in the experiment conducted by Woźniak and Gos [19] , the soil cultivated according to the no-till system was characterized by higher contents of organic carbon, total nitrogen, and phosphorus than the soil cultivated according to the conventional tillage system. According to Micucci and Taboada [20] , ploughing ensures a higher aeration of the soil, which contributes to the rapid mineralization of organic matter, a decrease in organic carbon content, and nutrients loss.
Based on the literature on the subject, a research hypothesis can be formulated assuming that reduced tillage and legume plants increase the content of organic C and of available forms of macronutrients in soil in relation to conventional tillage. Also, enzyme activity in soil subjected to reduced tillage is greater than in soil submitted to conventional tillage and cereals cultivation.
This study was aimed at determining the effect of various tillage systems and previous crops cultivation on the chemical properties and enzyme activity of soil.
Material and Methods
A field experiment with different tillage systems was established in 1989 at the Experimental Station Uhrusk (51°18' N, 23°36' E) of the University of Life Sciences in Lublin, south-eastern Poland. Results presented in this work were obtained in 2013-2015. The experiment was carried out in a system of randomized sub-blocks (6 m × 25 m) in three replications. The first-order experimental factor was the tillage system, i.e., (1) conventional tillage (CT) and (2) reduced conventional tillage (RT), whereas the second-order factor was the previously cultivated crop, i.e., (a) pea and (b) durum wheat. In autumn, shallow ploughing (at a depth of 10-12 cm) and prewinter ploughing (25-30 cm) were conducted in the CT system for pea and durum wheat cultivation, whereas only a cultivator (10-15 cm) was applied in the RT system. In the spring, a cultivator and a pre-sowing tillage set (cultivator, string roller, and harrow) were used in both systems before sowing pea and durum wheat. Pea of Tarchalska cultivar was sown in each study year in the first decade of April, in the amount of 100 seeds per m 2 and with a row spacing of 20 cm. Before sowing, the plots were fertilized with 20 kg N ha −1 , 17 kg P ha −1 , and 66 kg K ha −1 . Durum wheat variety Duromax was sown each year of the study between 1 April and 10 April in the amount of 500 seeds m −2 . Fertilization with phosphorus (34 kg ha −1 P) and potassium (83 kg ha −1 K) was applied in the spring before wheat sowing. Fertilization with nitrogen (120 kg ha -1 N) was applied at the following frequencies: (1) before sowing (50 kg ha −1 ), (2) at the tillering stage (23-24 in BBCH (Biologische Bundesanstalt, Bundessortenamt und Chemische Industrie) scale, 30 kg ha −1 ), (3) at the shooting stage (34-35 BBCH, 20 kg ha −1 ), and (4) at the ear formation stage (52-53 BBCH, 20 kg ha −1 ). After harvesting peas, about 1.7 t ha −1 of crop residues remained on the plots, whereas, after durum wheat cultivation about 3.8 t ha −1 of crop residues was left.
The experimental field is a flat area at the altitude of 175 m above sea level. The soil was found to be Rendzic Phaeozem [21] , composed of sandy clay with 24.3% of silty fraction and 13.2% of silt fraction. In the years of research (on average from 2013 to 2015), in the investigated area, the annual sum of atmospheric precipitation was 580 mm, including over 350 mm in the period from sowing to harvesting of pea and durum wheat (from March to August). The mean annual temperature of air was 7.7 °C, whereas in the vegetative season it reaches 13.9 °C. Soil samples collected from experimental plots were analyzed for: (1) organic C content (with the Tiurin's method); (2) total N content (with the Kjeldahl's method); (3) content of different forms of nitrogen, i.e., N-NO3 (with the colorimetric method with phenoldisulfonic acid) and N-NH4 (with the method with Nessler's reagent); (4) C/N ratio; (5) available forms of P (with the Egner-Riehm's method), K (with the Egner-Riehm's method), and Mg (with the Schachtschabel's method); (6) soil enzymes, i.e., dehydrogenases (with the Thalmann's method), phosphatases (with the Tabataba's method), ureases (with the Zanut's method), proteases (with the Ladd and Butler's method); (7) soil pH (potentiometrically, in 1 mol KCL dm −3 ); and total sorption capacity (cmol (+) kg −1 ) (with the Kappen's method). For the above analyses, five initial soil samples were collected (from the 0-25 cm layer of soil) from each plot after the harvest of pea and durum wheat; the samples were pooled into one sample of 0.5 kg. All determinations were made in three replicates.
The data were analyzed statistically with the method of analysis of variance (ANOVA) using the Statistica PL software (StatSoft Poland, Kraków, Poland), whereas the significance of the differences between mean values was evaluated with the Tukey's test at p < 0.05.
Results and Discussion
The content of organic C in soil samples collected from RT plots was significantly higher than that of soil samples from CT plots (Table 1) . Also, a higher organic C content was found in the soil sampled from plots cultivated with durum wheat than in the soil from plots where pea was previously cultivated. The content of total N was significantly higher in the soil from RT plots than in that from CT plots, as well as in soil from plots cultivated with pea than in soil from plots cultivated with durum wheat ( Table 2 ). These results are consistent with those of many previous works [3, 7, 19, 22, 23] which indicated that no-till cultivation facilitates the accumulation of organic C and nutrients in the soil. In contrast, ploughing tillage results in greater soil aeration, which contributes to the rapid mineralization of organic matter, the decrease in organic C content, and the loss of nutrients [20] . Diversified tillage affects also the soil contents of saltpetre and ammonia nitrogen. Higher contents of N-NO3 and N-NH4 were determined in the soil from CT plots than in that from RT plots, as well as in the soil from plots submitted to pea cultivation than in the soil from plots cultivated with durum wheat ( Table 3) . As reported by Nannipieri et al. [11] , organic matter degradation in soil is enhanced by the presence of bacteria, fungi, actinomycetes, and earthworms, as well as by moderately high temperatures and a high water content. Under such conditions, soil enzymes degrade protein compounds to ammonia which depending on the air temperature and water content of the soil, may undergo nitrification or migrate into the atmosphere [11] . The rate and direction of organic matter transformation are also determined by the C/N ratio [17, [24] [25] [26] . In the presence of past-harvest residues of leguminous plants, the C/N ratio is reduced compared to its value in the presence of cereal residues [16] . A high C/N ratio leads to the bio-sorption of nitrogen, hence reducing its availability for plants. In our study, the C/N ratio was more beneficial in soil after pea cultivation than after durum wheat cultivation, as well as in soil from CT plots than in that from RT plots ( Table 4 ). Investigations conducted by Lenart and Sławiński [25] showed no effect of direct sowing and ploughing system on the C/N ratio in soil. 
Previous Crop (PC)
Tillage System (TS) Mean CT RT Pea 9.1 10.3 9.7 Durum wheat 10.9 13.0 12.0 Mean 10.0 11.7 − LSD0.05 for TS = 1.1; PC = 1.1; TS × PC = n.s. The system of tillage was observed to affect the contents of available P, K, and Mg in the soil ( Table 5 ). A higher phosphorus content was determined in the soil sampled from CT plots compared to that from RT plots, whereas higher contents of K and Mg were found in the soil from RT plots than in that from CT plots. K and Mg easily migrate across soil, and this process is accelerated by conventional tillage and rainfall [19] . Higher contents of phosphorus and potassium were also found in the soil after the harvest of durum wheat compared to soil previously cultivated with pea, but a higher Mg content was reported in soil after pea cultivation. The systems of tillage and crop previously cultivated influenced also the soil pH (Table 6 ).
Higher pH values of soil were determined in RT plots than in CT plots, as well as in plots after durum wheat cultivation compared to plots cultivated with pea. As reported by Woźniak and Kawecka-Radomska [8] , reduced tillage increased soil pH compared to conventional tillage, whereas in the study of Lenart and Sławiński [25] , the tillage system had no effect upon soil pH. (Table 7) . Also in other investigations [8] , diversified tillage had little effect on this parameter; however, in soil sampled from plots subjected to crop rotation, the total sorption capacity was almost twice as high as that of soil sampled from plots submitted to monoculture. This is indicative of a significantly higher capability for ionic exchange in the soil from plots that underwent crop rotation with respect to soil from plots submitted to monoculture. On the basis of the components of the analysis of variance, it can be stated that the contents of organic carbon and total nitrogen in soil were to a larger extent determined by tillage system (TS) than by previous crop (PC) ( Table 8 ). Other features (the contents of N-NO3, N-NH4, P, K, and Mg, pHKCL, and total sorption capacity) depended on the TS and PC to a similar extent. The enzyme activity of soil according to the tillage system was determined (Table 9 ). Higher activities of dehydrogenases and phosphatases were determined in the soil from CT plots than in that from RT plots. Higher activities of ureases and proteases were noted in the soil cultivated according to RT than in that that underwent CT. The enzyme activity of soil was also affected by the crop previously cultivated. The soil from the plots previously cultivated with pea was characterized by higher activities of dehydrogenases, phosphatases, and proteases, whereas that from the plots previously cultivated with durum wheat presented a higher urease activity. As reported by Roldán et al. [9] , Janvier et al. [14] , and Piazza et al. [27] , dehydrogenases commonly occur in soils rich in organic matter and are good indicators of the respiratory metabolism of microorganisms. Phosphatases stimulate the transformation of organic compounds of phosphorus into inorganic phosphates [10] , whereas ureases take part in the process of ammonification, i.e., the release of ammonia from urea, amino acids, and purine bases [11] . Proteases are responsible for the degradation of the peptide bonds in proteins, leading to the formation of free amino acids and dipeptides, which are more easily available to microorganisms. 
Conclusions
The tillage systems and previously cultivated crop were found to affect the chemical properties and enzyme activity of soil. The RT system increased the contents of organic C, total N, and available forms of K and Mg in the soil, as well as its pH, compared to the CT system. In plots after pea cultivation, higher contents of total N and Mg were determined, whereas in plots after durum wheat cultivation, the contents of organic C, P, and K and the soil pH were higher. The CT system enhanced the activities of dehydrogenases and phosphatases in the soil compared to the RT system, whereas RT increased the activities of ureases and proteases compared to CT. In addition, higher activities of dehydrogenases, phosphatases, and proteases were found in plots after pea cultivation than in those after durum wheat cultivation, whereas a higher activity of ureases was found in plots after durum wheat cultivation. The C/N ratio was more beneficial in plots subjected to CT than in those that underwent RT, as well as in plots after pea cultivation than in those after durum wheat cultivation.
